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The paper aims to establish a framework based on the method of LCA (Life Cycle Assessment) and LCCA (Life 
Cycle Cost Analysis) in order to select the best parameters of apple technology by identifying the particularities 
of fruit production technologies and providing practical recommendations on how to approach the two methods. 
The methodology of the paper is the use of LCA and LCCA methods, as techniques for assessing the environmental 
elements associated with the technological process and the economic indicators. The paper was meant to be part 
of a project whose purpose is to develop a decision and management instrument for the fruit farm Istrița, USAMV 
of Bucharest. The results consist in a technological and economic structure suitable for application to the selected 
apple tree technologies, in conventional and ecological system.  
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INTRODUCTION 
The interdisciplinary approach of this paper is a challenge and at the same time 
an imperative for the research in Romania. Specifically, the aim is to establish a 
technological framework, based on the method of LCA (Life Cycle Assessment) 
and an economic one with the LCCA (Life Cycle Cost Analysis) method, in order to 
select the best parameters of apple technologies and develop an economic model, 
such as a tool decision for the cost analysis and validation the results and the 
technologies pursued. Thus, the focus is on identifying the particularities of fruit 
production technologies, evaluating and providing practical recommendations on 
how to approach the LCA and LCCA method. In this sense, the limitations of the 
process will contribute to a substantial differentiation in the ways of applying the 
LCA and LCCA method in fruit production systems, which may lead to different 
results, as indicated in the literature (Cerutti et al., 2014). Because it is estimated 
that agriculture has a major impact on the environment, in another paper the 
authors (Ingrao et al., 2015) focused on the LCA analysis by assessing the quality 
of the environment and analyzing its sensitivity and highlighting the processes 
with the greatest impact on the investigated system. In the horticulture literature 
it was founded approaches that consisted in evaluating the environmental impact 
and energy consumption of apricot orchards, managed according to two 
cultivation systems (integrated system and biodynamic system), through the LCA 
methodology combined with energy analysis EA) (Pergola et al., 2017). At the 
same time, it is estimated that currently, the biggest challenge for most 
organizations is a real and substantial application of sustainability by measuring 
and comparing results, to meet the principles of sustainability (Antonella et al., 
2016). In another paper (Steve et al., 2021), LCA and LCCA methods were used to 
develop technological solutions for wastewater treatment and by-product 
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recovery, with the focus on identifying hotspots and potential design improvements. LCCA evolved from energy 
analysis in the 1960’s and 1970’s into a widely used tool to determine the impact of products or systems on the 
environment and resources. This approach has become more widespread in research, industry and policy. If it was 
originally developed for industrial production systems, then it was adapted to agriculture (Eliceche et al., 2007). Its 
use continues to expand as it seeks to encompass the energy field and the impact of electricity production on the 
environment (Góralczyk, 2003), bioenergy and emissions from the soil (Cherubini et al., 2011) or waste 
management from various industries (Chauhan et al., 2011). Life cycle assessment (LCA) is a holistic approach 
(Ramez et al., 2014), which includes the entire life cycle of any product or service. This methodology has become a 
fundamental tool for comparing the environmental impact between alternative systems in agriculture. The major 
theme of LCA-based studies in agriculture is related to agricultural production systems where the comparison 
between organic and conventional agriculture is made. Although organic farming is supposed to have beneficial 
effects by reducing the impact on the environment, the literature shows that this system is not always less harmful 
to the environment than the conventional one, so options are sought to reduce the impact on the environment. 
Ramez S.M. (2014), used 2 methods to compare the impact on the environment, in olive grown in traditional and 
organic system, namely, Life Cycle Assessment (LCA) and life cycle cost (LCCA) to assess the economic performance 
of systems studied. The study focused on the field and agricultural practices of organic and conventional olive 
cultivation systems, and the LCCA was integrated with the LCA analysis to assess the economic dimension of the 
entire system. The analysis involved the entire 50-year life cycle comparing different scenarios of each agricultural 
practice and evaluating the inputs from an economic point of view to both systems. The overall impact on the 
environment was higher in the conventional system than in the organic one, due to the higher impact on the 
environment owed to the consumption of fuel to control weeds and pests. It seems that the organic system preserves 
human health and the quality of the ecosystem, expected from the positive impact of fertilization with manure. 
There were slight differences between the two systems in terms of environmental impact caused by irrigation, 
pruning and type of harvest. The main differences are related to soil management, weed and pest control and 
fertilization, which are managed differently. The two methods (LCA and LCCA) were used as techniques for 
assessing the environmental elements associated with the technological process and the economic indicators. As 
the LCA method is a standardized, science-based tool for quantifying and evaluation the environmental influence, 
usual from a lifetime perspective, it aims also to estimate greenhouse gas emissions (or carbon footprint) and water 
footprint, also assess impacts such as ozone depletion, eutrophication, impact on human health and some other. The 
life cycle assessment begins with modeling and data collection of the relevant elements upon the entire life cycle of 
inventory, usually based on a map of product's life cycle or a schedule with all energy and material inputs, as well 
as emission outputs. Basically, performing the life cycle assessment, means to connect all energy and material inputs 
used in the technological process and the disposal of the product. This must involve also the outputs (waste, 
materials, emissions, water and air), from each level and interpret the results of the effects on the quality of 
environment, human health and depletion of resource. An example of representing the steps of this process is shown 
in the figure below (Figure 1). 
 
Figure 1. Impact elements system on the LCA process. (Source - Own representation) 
Research question
Choose of the analyse method
Search for the appropriate tools
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By the help of the LCA methods it is possible to evaluate the environmental impacts of the apple production, 
conventional and ecological, from the very first phase to the very last one or from the cradle to the grave, the process 
being as much complete as it is need, as long as the data are available. There are several LCA-related assessments, 
such as Environmental Product Declarations (EPDs), analysis of a specific product or technology, or single-issues 
analyses such as the carbon footprint or water footprint or even long-run evaluating studies, caring out a large 
variety of assessments. Life cycle analysis can be accomplished for several goals: cradle-to-gate (rough materials 
until manufactory gate), gate-to-gate (only focus on the fabrication process of a product or service) or cradle-to-
grave (crude materials until elimination). There are also two other methods redefining the idea of a global economy: 
cradle-to-cradle and the circular economy with a recycling approach and also modern tools which allow to review 
particularly on the measure of sustainability, the efficiency of the modern industry and the effect on the 
environment.  
 
MATERIALS AND METHODS 
The methodology of LCA is based on several international standards provided by the International Organization 
for Standardization (ISO), among which the ISO 14040 and 14044, which ensure accuracy and consistency; it is 
usually described in four main phases (see the figure below, Figure 2). 
 
 
Figure 2. The main phases of the LCA process. 
(Source - Own representation) 
 
Life cycle assessment (LCA) is a scientific method, carried out in several stages, to measure the environmental 
footprint of materials, products and services throughout their life. Together with the LCA, it is used to be conducted 
the Life cycle cost analysis (LCCA), another method focused on the economic analyse of the costs resulted from the 
owning and working a production processes usually during a long period of time. The hypothesis from which this 
review was carried out is the need to develop and implement a decision and management tool for monitoring and 
evaluating the technical and economic indicators at the Istrița experimental orchard and similar farms. The 
methodology on the fruit technologies considered will be based on a calculation algorithm, applied for two 
cultivation systems: conventional and ecological. Within the LCA process going from the main goal, through the 
assessment of the impact and further on, the results interpretation, the method focuses on the environmental 
sustainability starting from the extraction of materials, manufacturing, product usage and in the end, discard of the 
products. By this methodology we used techniques for assessing the environmental elements associated with the 
technological process and the economic indicators. 
 
RESULTS AND DISCUSSIONS    
There are some steps to follow in established the studied limits of the system: inventory analysis, defining the 
goals and scope, impact assessment and the results interpretation (Leslie et al., 2012). In the figure below (Figure 3), 
there are presented these steps, as frame of the analyse. 
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Figure 3. The main steps within the LCA process.  
(Own representation with help of Powtoon, www.powtoon.com) 
 
Life Cycle Assessment (LCA) is a relevant tool for the evaluation of the environmental impacts of fruit production 
which ensure an integrated perspective in terms of sustainability. Comparing the conventional and organic types of 
technologies, the focus is on the environmental effects by taking into consideration appropriate horticultural inputs 
(fertilizers, phytosanitary protection products) and also among other, the planting material.  In the figure below 
(Figure 4) it was presented the main flow of the inputs and outputs in an apple orchard. 
 
 
Figure 4. Impact elements system on the LCA process, 
(Source- Own representation, based on Ramez S.M., 2014 (10)) 
 
LCA analysis involve characteristics such as quantitative elements (that include impact assessment, inventory 
investigation), as well as qualitative elements (that include scope and goal definition and interpretation). At the end, 
the results should be interpreted and evaluated from a long-run perspective, based on economic and social issues. 
This means that it will enable comparisons on environmental impacts that are happening throughout the process 
and allow finding an alternative way to reduce carbon emissions and other elements that are affecting the 
environment. In our case, the results will consist in a technological and economic framework, based on the LCA (Life 
Cycle Assessment) and LCCA (Life Cycle Costing) methods suitable for application to the selected apple tree 
technologies in conventional and ecological system, and the development of an instrument of decision and 
evaluation on the economic performance, through the use of production and financial indicators.  
In the context in which the global development of societies poses high pressure on the environment, this 
methodological framework will identify the environmental risks corroborated with evaluation of technical and 
economic indicators at the level of fruit farms. The main concern of the method is to imagine ways to quantify the 
energy usage and find alternative solutions to protect the environment, helping to avoid depleting limited resources 
Plant protection products (eco + 
conventional)
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provided that there are high limitations of energy resources and materials. This can be done by using scientific tools 
that could help to identify relevant indicators and data, as well as to improve skills of decision-makers to carry out 
on the access to life cycle data, so that experts could use it for studies, training programs, providing information and 
sharing experience.  
 
CONCLUSIONS 
Having a focus on the entire life cycle process, the LCA method could be consider as a proper instrument to study 
the results of the production measures on the environment. The findings of the implementation of LCA analyze lead 
usually to an improvement actions that must occur. It than can conclude in our case, that among other benefits of 
the LCA and LCCA results, there are the improvement of the apple orchard development, strategic planification of 
the production or the policymaking, leading to the conclusion of how sustainable the apple technologies are. In 
order for the researcher that the conclusions obtained are well-substantiated, it is need to check the results based 
on the standard ISO 14044, to be adequately supported by the data and by the procedures used. The LCA could be 
used by decision-makers, supposed to be able to make choices that will reduce the environmental impacts and 
effects. 
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